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EDITORIAL 


INFLUENCES THAT AFFECT PRODUCTION OF 
LIVESTOCK 


Tue kind of livestock which is produced depends upon many factors. 
Fortunately we can orientate and classify all these factors into four main groups 
under the following headings: ancestors (i.e., breeding), diet, environment, and 
management. Such a classification is not perfect but it tends to the simplifica- 
tion of a wide, abstruse subject and is an aid to comprehension and discussion. 

So far as ancestry and breeding is concerned, Britain has a long and 
honourable tradition. The various breeds of domesticated animals which have 
been evolved in these islands have set standards of excellence to the world and 
made Britain the nursery to which all thoughtful breeders come when they want 
to improve the quality of their stock. This enviable state of affairs has not 
come about by chance. It is the direct result of careful selection and mating. 

Slowly as a rule, but at times so rapidly that they have almost exploded 
upon us, feeding practices have changed and these changes have exerted 
profound effects. 

One does not need to carry the mind back much more than a century to 
see how the winter feeding of roots and the use of oil seed residues have influenced 
the livestock industry and, incidentally, as a direct consequence the diet and 
health of the people. 

Now another feeding revolution is in progress which bids fair to have as 
great an influence on our stock as did the previous one. We refer to the attempts 
to make better use of the grass for which our climate is so favourable. 

There have been great changes in management, especially as regards the 
husbandry of dairy cattle. Prepartum milking is one now undergoing trial. 

When the phrase “ breeding out of season” is used we are reminded of the 


(The July issue of The British Veterinary Journal was published on July 21) 
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fourth factor which influences the well-being and productivity of livestock, 
namely, environment. The changing seasons bring with them varying rhythms 
of light and darkness, heat and cold, dryness and humidity, to all of which the 
animal body responds. There are some who may look upon these as being of 
purely academic moment, but recent experience has shown that such factors 
may, and do exert great effects, and we would draw our readers’ attention to an 
article in this issue of THE British VETERINARY JOURNAL in which the author 
discusses the relationship between light and fertility. 

The academic sciences are at last coming to the aid of the practical man 
and if the latter can implement some of the findings of the scientists the 
economics of animal husbandry will benefit profoundly. 

If we are to survive as a first-class nation, if our standard of life is to be 
maintained, we must produce more food at home. In time of war Agriculture 
ranks in importance as the fourth service of the nation. The time has come 
when it must enhance that status in peace. To feed fifty million people in the 
present state of our national economy means that we must limit imports and 
increase greatly our home production. As our agricultural acreage is relatively 
small, this implies not only high crop production but also high efficiency in the 
conversion of crops into meat and milk for human consumption. In order to 
obtain a smooth level of production, free from periods of glut or scarcity, it now 
becomes necessary to have cattle, sheep and pigs breeding “ out of season.” 

Of all the domesticated animals, the modern dairy cow probably represents 
the greatest departure from the natural animal. If she fails to produce two 
gallons of milk per day she becomes uneconomic by present standards. 

There are those who think that trouble may be expected when an animal 
consumes twice as much or even more of her ration for milk production than 
would suffice for her maintenance. They consider that nature is abused. 

Trouble does occur, but if we revert to nature for a cure the only logical 
solution is to turn the cow loose to forage as nature intended and accept the 
inevitable reduction in the production of milk and meat. Under present cir- 
cumstances such a policy would be disastrous to the national economy. The 
better way is to make use of existing scientific knowledge and search actively for 
more, so that production may keep pace with modern needs and conditions of 
time and place and withdut hurt to the donor. All forms of life are inter- 
dependent and influenced by environment. The study of the environmental 
factors which affect livestock is wide and open. If we can apply the existing 
scientific knowledge to fields and byre great dividends are bound to accrue. 

Three hundred years ago John Donne, striving to put into a sermon his 
sense of every man’s dependence upon his fellows, produced this vivid metaphor : 

“No man is an Iland, intire of it selfe; every man is a peece of the Con- 
tinent, a part of the maine: if a Clod be washed away by the Sea, Europe is the 
lesse, as well as if a Promontorie were, as well as if a Mannor of thy friends or of 
thine owne were; any man’s death diminishes me, because I am involved in 
Mankinde.” 

No one would have seen more quickly than Donne how the fate of men is 
linked with that of livestock and with environments which contain them both. 
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GENERAL ARTICLES 


LIVESTOCK AND THEIR ENVIRONMENTS (Part IV*) 


The Relationship of Sunlight to Bovine Reproductive 
Efficiency and Productivity 


By JOHN T. ABRAMS 
Animal Husbandry Department, Royal Veterinary College, London 


Tue relationship of nutrition and of general environment to the reproduc- 
tive efficiency and productivity of livestock is complex. This paper deals mainly 
with the effects, direct and indirect, of sunlight on dairy cattle. For convenience 
the subject matter is discussed under the following chief headings: (1) A brief 
explanation of the meaning of “light” with reference to reproduction; 
(2) evidence tending to show a relationship between sunlight and bovine repro- 
ductive efficiency and productivity; (3) the hypothesis that two different 
components of sunlight may be concerned in the phenomenon; (4) an application 
of the hypothesis to existing data; and (5) suggestions for field trials. 


(1) The Meaning of Light with Reference to Bovine Reproduction 
Both natural and artificial light have been used in experimental studies of 
avian and mammalian reproduction. It is important to realise, however, that 
the quality and intensity of light may vary enormously from one experiment to 
another unless steps are taken to measure and control it. The nature of daylight, 
for example, varies with latitude, season of the year, amount of cloud, and other 
factors. Besides those waves which give rise to vision sunlight possess infra-red 
and ultra-violet components, the latter varying greatly in quality and quantity. 
The use of the term “ daylight,” in fact, often signifies no more than the interval 
between sunrise and sunset. So far as artificial light is concerned, save when 

special lamps are used, there is no ultra-violet component of the radiation. 


(2) Evidence of a Relationship of Sunlight to Bovine Reproduction 

This section deals with the existing experimental evidence relating light in 
general and sunlight in particular to bovine reproductive efficiency and produc- 
tivity. As there are conflicting points of evidence to be dealt with, the subject 
matter is discussed under the following sub-titles: (a) observations apparently 
showing a positive effect of light or sunlight on reproduction; (b) experiments 
where light seemed to have no effect on that phenomenon; (c) seasonal differences 
of reproductive efficiency; and (d) regional differences of reproductive efficiency. 
A suggested resolution of some of the observational discrepancies is left until 
Section 4 of this paper. 


(a) Positive effects of light on bovine reproduction. 
It seems desirable here to discuss first, and briefly, the general relationship 
of light to reproduction, and then to consider the special problem of dairy cattle. 
* Parts I, II and III, Vet. Rec, (1952), 64, 151, 174 and 185. 
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(i) GENERAL RELATIONSHIPS. 

Early work showing a causative relationship between light and reproduction 
in birds and mammals has. been reviewed by several workers (Rowan, 1938). 
Among more recent papers may be quoted the results of Yeates, who showed 
beyond any doubt that the onset of the breeding season in some breeds of sheep 
depends upon rhythms of light and darkness. In this instance the apparent 
unimportance of light quality seems to be proved by the ability of controlled 
artificial lighting, of no great intensity and with no ultra-violet component, to 
reverse the normal breeding season of the ewe (Yeates, 1949). The shortening 
of light, are the controlling factors which affect the sexual season of the animal. 
breaking normal nights into shorter fragments by transitory intervals of artificial 
light, seems to be the effective agent. Hart (1951), using the ferret as an experi- 
mental animal, has shown that light-dark sequences, and not total daily quantity 
of light, are the controlling factors which affects the sexual season of the animal. 
Burkhardt (1947) has obtained results which are generally similar to the above 
but using the mare for his experiments. 


(ii) Datry CATTLE. 

Turning now to actual observations of the behaviour of dairy cattle, Mercier 
and Salisbury (1947) noted the percentages of successful services in three herds 
under natural conditions in Eastern Canada. A correlation between conception 
rate and length of daylight, or duration of sunlight, was observed for the twenty- 
five-year period 1919-1944. These results were obtained in latitudes to the 
south of the British Isles. Erb and Waldo (1952), slightly south of Mercier and 
Salisbury’s region, in a six-year survey (1944-1950), involving 93,000 services, 
obtained a pattern of breeding efficiency which “ essentially parallels the results 
of) Mercier and Salisbury.” 

Phillips (1949a, b,c) studied the available data concerning calf sales in 
Britain, using them to deduce the effects of climate on animal reproduction. 
After surveying conditions in W. Wales, Phillips and Davies (1949a) say “ there 
is a considerable difference in breeding performance . . . between the western 
and eastern parts of the region,” adding “that behind all the local influences 
which may be at work . . . there are fundamental factors operating which 
determine the major trends.” Of this region they report also that “ although 
daylight differences are negligible, sunshine differences are certainly apparent 
and probably considerable.” Of W. Wales this group of workers postulated that 
“ the variation in the rate of autumn calvings is related to local climatic differ- 
ences.” Phillips (1949d) says, too, that climatic influence on winter cestrus in 
cattle “may be exercised directly through sunshine or temperature.” 

Other evidence will be discussed later in this paper in Sub-sections (c) 
and (d). 


(b) Experiments tending to show that light does not affect bovine reproduction. 
Laing (1945) compared the breeding performances of free-service bulls with 
those of sires used for controlled service, the observations extending over one year. 
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Except during the months of December to March, inclusive, when there was no 
difference between the performances of the two groups of animals, Laing found 
that the free-service group was consistently better than the controlled-service 
bulls. As Laing’s results will again be considered later in this paper, it is import- 
ant that his explanation of the differences be given here, so that subsequent 
references will bear that implication, even though it may not be mentioned in 
detail. The suggestion was made that the observed differences were related 
to seasonal variations in the duration of the heat periods of the cows, the “ higher 
fertility of the free-service group (being) due to a closer relationship of service 
to the end of heat and thus to ovulation.” So far as sunshine was concerned 
in the phenomenon, Laing said “that an increase in the length of sunshine 
alone is not sufficient to lengthen the heat period is suggested by the fact that the 
service rates in both groups in March remained the same, while the hours of 
sunshine increased.” 

In 1950 the same worker (Laing, 1950) reported the results of further 
tests on groups of heifers during the winters of 1947-48 and 1948-49. Different, 
controlled planes of nutrition were used and the lighting for one group of 
animals was artificially made equal to that of a June day. All of the animals 
became aneestrous. Laing concluded that duration of light (and hence of dark- 
ness) plays no part in the production of winter infertility in dairy cattle; in both 
cases he came to the opinion that the phenomenon was apparently of nutritional 
origin. 

Olson (1938) in S. Dakota used two small groups of heifer calves to initiate 
experiments on the influence of sunlight on bovine fertility. One group was 
exposed to sunshine for all of the available time, limited shelter being provided 
against snow and bad weather, while the second was housed permanently in a 
shed having windows on the north side only: both lots of animals were fed 
and otherwise managed identically. No breeding differences were eventually 
observed either between the original groups of heifers or their progeny. 


(c) Seasonal differences in bovine reproductive efficiency. 


Phillips and his co-workers (op. cit.) seem to be convinced that seasonal 
differences of bovine reproductive efficiency are to be found over Britain as a 
whole, while the data for the Gloucester and Reading areas respectively 
(Frappell, 1952; Stewart, 1950) serve to confirm that conclusion. Some years 
earlier Hammond (1942) had repeated his previous observations on this subject 
in the following words: “It is more difficult to get autumn calvers in calf again 
during the winter in the North than in the South [of England].” This last 
statement implies both seasonal and regional differences. 

On the other hand Holt (1952), presenting data from an artificial insemina- 
tion centre in South-west England for the period 1944-48, could find no 
evidence for seasonal fluctuations in that region. 

In Eastern Canada and in the Eastern U.S.A., Mercier and Salisbury 
(op. cit.) and Erb and Waldo (op. cit.), respectively, have reported the occur- 
rence of marked seasonal variations of conception rates on farms where, as in 
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England, the average summer temperatures are not high and where, in the 
case of the former workers at least, the animals were housed in warm barns 
during the winter months. 

Turning now to considerations of milk output, Mahedevan (1951), in a 
study of 5,000 lactation records for the period 1930-39, has recently confirmed 
the conclusions of previous workers that month of calving affects milk yields, 
winter calvers producing on an average 10 per cent more milk than summer 
calvers. Most importantly from the point of view of the present paper, “the 
major part (85 to go per cent) of the variance in persistency of lactation appears 
to be of non-genetic origin” and must therefore be associated with variations 
of management and of environment. Mahedevan reported also that persistency 
of lactation tended to be greater in winter calvers. 


(d) Regional differences of reproductive efficiency and productivity. 


Studies have been made by Phillips, Brown and Davies (1949c) of the 
statistics of calf returns for Great Britain. To quote these workers: “High 
autumn calf births, high autumn calf sales and high average yield per cow 
seem to increase in England and Scotland from west to east. . . . The crux 
of the whole problem appears to be in the proportion of cows and heifers which 
become in-calf during the winter months December to March.” Phillips e¢ al. 
conclude that the answer to the problem “must be found in factors which 
influence winter oestrus and winter conception rates, and the satisfactory one is 
that involving climatic variations.” 

Wiener (1952), in a survey of milk yields in six environmental districts of 
Britain, reported that “an east to west trend of declining milk yields is shown 
for the Ayrshire, Friesian and Shorthorn breeds of cattle according to the six 
meteorological districts.” Most importantly from this point of view, Wiener 
adds: “‘ The rank in yield of the districts does not appear to be related either 
to rank of rainfall or to that of temperature. . . .” 

Sanders (1949) comments on a 15 per cent drop of average milk yield in 
going from east to west across Britain and observes, too, that cows in the north 
and west are usually dry for a longer period than animals in the rest of the 
country. 

It should be noted that the east-to-west trend of milk yields parallels that 
of autumn calvings according to Wiener who, however, gave no particular 
attention to the problems of North and West Wales as distinct from North-west 
England. 


(3) The Hypothesis that Sunlight Influences Reproductive Efficiency in Two Ways 

The hypothesis here put forward is that sunlight influences the reproductive 
efficiency and productivity of cattle, sheep and horses in two different ways— 
namely, by the separate and distinct effects of its visible and ultra-violet fractions. 
such as those studied by Yeates (op. cit.) and others in the case of sheep; the 
second fraction of sunlight is responsible for vitamin D supply, either directly 
Variations in the duration of the visual component lead to seasonal rhythms. 
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or indirectly, which is known to be related to bovine reproduction (Wallis, 
1938). 

Vitamin D is unique, especially where cattle, sheep and horses are con- 
cerned, because of its direct dependence upon sunlight and hence upon factors 
which affect the intensity and duration of sunlight. In bright, sunny climates 
cattle are likely to benefit in two respects : firstly, they have vitamin D produced 
in their own bodies by solar irradiation which is comparatively rich in ultra- 
violet light; and, secondly, hay produced in such a climate will tend to be 
rich in the vitamin. In dull climates, especially in the temperate zones, the 
beasts are losers twice over, once in their loss of direct vitamin D supply and 
again in receiving hay of probably low vitamin D potency. 

Unlike the products of the action of the visual component of sunlight, 
vitamin D supplied in excess of the present needs of an animal can be stored 
and the vitamin D reserves so derived may be drawn upon during future sunless 
periods. The magnitude of natural reserves of vitamin D is a most important 
consideration. Theoretical estimates of the average daily quantity of vitamin D 
provided for a beast of 1,000 Ib. live-weight by solar irradiation of its skin in 
our latitude and climate suggest that there is unlikely to be much for reserve 
(Abrams, 1952a). There is, too, a great deal of indirect experimental evidence 
to support such a belief. For example, in the absence of solar and dietary 
supplies of the vitamin, cattle maintained under otherwise favourable conditions 
in S. Dakota showed symptoms of avitaminosis D at the end of about three 
months (Wallis, 1938). A less favourable environment, especially if coupled 
with attempts at high levels of production, might leave no reserves at all to be 
drawn upon during the winter months. 

The influence of bodily size upon the vitamin D status of livestock also 
needs comment. The present, rather unsatisfactory, standards for the require- 
ments of animals suggest that their needs, under corresponding physiological 
conditions, are approximately proportional to their body weights. On the 
other hand, the amount of vitamin D formed by solar irradiation depends upon 
the area of the exposed skin, with the result that—other factors being equal— 
small animals are more efficient producers of the vitamin than are large ones, 
judged by the amount of vitamin D formed per pound of live-weight. On this 
account the vitamin D status of the small beast is likely to be better than that 
of the large one, at least where direct vitamin D synthesis is concerned: the 
chances of its being deficient in reserves for the winter period would thus 
appear to be correspondingly less. 

Vitamin D may also be obtained indirectly, however, by the consumption 
of irradiated fodders, in particular of hay. Here again the fact that maintenance 
energy needs depend more nearly upon the surface area of the body than upon 
live-weight tends to favour the small beast. Since its intake of irradiated fodder 
(hay being the food chiefly concerned) will probably be higher, per pound of 
live-weight, than that of the larger animal, its vitamin D intake is again 
correspondingly higher. 

This relationship of bodily size to total vitamin D supply is important, 
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especially in its probable effects on those winter reserves of the vitamin which 
may need to be drawn upon when direct sunlight is either absent or is of low 
intensity. The implications of this argument are dealt with in greater detail 
in subsequent pages of this paper. 

(4) Application of the Hypothesis to Existing Data 

Wallis (op. cit.) has shown that absolute vitamin D deficiency produces 
aneestrum in the dairy cow. The problem to be faced, then, is whether a 
degree of avitaminosis D exists under practical conditions in Britain, such that 
bovine reproductive function is partially impaired. Furthermore, vitamin D 
deficiency associated with intensive production, rather than with simple 
maintenance, is involved. 

The application of the hypothesis that sunlight exerts two distinctive effects 
on bovine fertility and productivity is perhaps best discussed under the following 
sub-headings: (a) a critical review of the experimental evidence relating light 
to reproduction; (b) a similar review of the seasonal and regional differences 
which have already been outlined; (c) the elimination of other factors than 
light from the list of environmental influences; and (d) other evidence implicating 
vitamin D and hence the ultra-violet fraction of sunlight. 


(a) A critical review of the relationship of light to bovine reproduction. 


It is necessary to compare here several sets of observations, some derived 
from the laboratory, others from the field. 

Yeates (op. cit.) showed that variations of the rhythm or dienes: of 
artificial light, devoid of any ultra-violet component, influenced the onset of 
the breeding season of ewes. Burkhardt (op. cit.) has produced similar evidence 
for the mare. On the other hand, the cows observed by Laing (1945) became 
ancestrous under conditions not unlike those of Yeates and Burkhardt. 

Laing (1950) also observed that the performance of free-service bulls was 
better than that of controlled-service animals save during the winter months, 
December to March. Obviously light might have been the primary factor here, 
but it was dismissed by Laing on the ground that the extra light during the 
last month of his year of tests (namely, March) failed to improve the performance 
of his free-service animals. 

As an explanation of these differences, which might otherwise simply be 
species differences, it is suggested that the higher productivity of the cows, and 
especially their greater turnover of calcium and phosphorus, had led to vitamin D 
depletion, which became more severe during the winter months. The better 
reserves of the small animal, i.e., the ewe, and its higher intake of food (hay) 
per pound of live-weight might well leave it with sufficient vitamin D, even 
during the depths of the winter and in early spring, to enable it to remain 
responsive to rhythms of (visual) light and darkness. In the case of the mares 
used by Burkhardt, the animals were indeed of a size more nearly commensurate 
with that of the cow than is the sheep, but they were given hay and were not 
subjected to demands for intensive production. They, too, with adequate 
reserves of vitamin D, would thus be responsive to visual radiation: That 
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Burkhardt was unable to hasten the onset of the breeding season by local 
irradiation with an ultra-violet lamp supports this view. 

It may be asked why Laing observed no effect of March sunlight on the 
performance of his free-service bulls. On this hypothesis the negative result 
would not be unexpected, for the animals were at the end of the winter season 
when sunshine, if available, is of poor intensity. Secondly, March sunshine 
is rather feeble, and time would certainly be needed before it exerted its influence. 
As the tests ended in March there was no chance to observe such effects. 

Practical evidence of the existence of a time-lag, before a response is 
elicited as the result of exposure to sunlight, is afforded by the careful analyses 
of Mercier and Salisbury (op. cit.). These workers, in surveys of herds in three 
regions and over twenty-five years, noted a correlation between conception 
rate and the length of the day, not of the month of service, but of the month 
or two beforehand. In their words: “The average monthly conception rate 
of the three herds was significantly correlated with the monthly average length 
of daylight, there being a lag of approximately one to two months before the 
maximum effect was reached.” They showed, too, that the time-lag did not 
exceed three months. 

Actually, these workers also found a correlation between conception rate 
and daily sunshine hours but since, under the climatic conditions of Eastern 
Canada, “hours of sunlight are a function of the length of day, and as Olson 
has reported that lack of direct sunshine had no measurable effect on repro- 
duction in cattle, [we] have eliminated this item from further consideration.” 

This elimination was most unfortunate, for Olson (op. cit.) carried out 
his work in S. Dakota, one of the States of the U.S.A. to enjoy such prevalence 
of fair weather as to merit the name of “Sunshine State” (Wickard, 1941). 
To both housed and sun-exposed cows Olson fed ample amounts of good, 
sun-cured hay. By virtue of the probably high vitamin D content of the hay, 
Olson was in effect adding the ultra-violet component of sunlight (the only 
one the housed animals lacked) to each group of beasts. Both lots thus received 
vitamin D, directly or indirectly, and both were subjected to the same variations 
in the lengths of daylight and darkness. There was thus no difference between 
the two groups with respect to reproductive performance, although, as will be 
mentioned later, the higher vitamin D supply of the sun-exposed cows led to 
other measurable consequences. 


(b) A critical review of seasonal and regional differences of bovine productivity. 


Holt (op. cit.), in contrast to other authorities already cited, and after 
reporting the calving conception rates for the Devon-Cornwall area for each 
calendar month during the years 1944-48 inclusive, stated that “statistical tests 
show that the variation in calving conception is not affected by the season of 
the year.” Since under British seasonal conditions it might be most difficult 
to reconcile this finding with the hypothesis that the ultra-violet component of 
sunlight is one factor concerned in bovine fertility, Holt’s opinion requires 
careful consideration. 
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The following points may be made with respect to the data he provides. 
Firstly, the lack of correlation is actually between conception rate and calendar 
month for, in a climate subject to so much fluctuation as that of Great Britain, 
one could not safely interchange season for calendar month unless the review 
was for a much longer period than is covered by Holt’s data. Short-term 
correlations might be valid for large regions where local variations were well 
smoothed out, but probably not for an area so small as Devon-Cornwall. 
Secondly, if vitamin D is related to bovine reproductive efficiency and produc- 
tivity under field conditions, then the possibility of bodily reserves of the 
vitamin being built up during a fine summer must be considered. Such reserves 
could influence the trend of events during the following winter and spring 
and thus confuse attempts at “seasonal” correlations. In the temperate zones 
one would expect the vitamin D reserves, especially of highly productive 
animals, to be generally at their lowest during the late winter and early spring 
months. That in fact is the period when the other observers whose work has 
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been cited (p. 277) usually find the reproductive efficiency of their cattle at its 
lowest. It is likewise a matter of common observation that it is easier to get 
“ difficult” or “shy breeding” cows into calf after they go out to grass in the 
spring, i.e., when they experience not only a change of fodder but also of 
environment. The data of Mercier and Salisbury (op. cit.) and those of Erb 
and Waldro (op. cit.) were for parts of Eastern Canada and the Eastern U.S.A., 
where the weather conditions are not unlike those of Great Britain in their 
freedom from very high summer temperatures and in their moderate rainfalls. 
It is of more than passing interest, therefore, to find that the graphs of the 
data provided by these workers parallel the average monthly values of Holt 
(Fig. 1). In each case there is a smooth fall in conception rate from October 
until the early spring, even though the data of the Canadian workers apply 
to natural service and those of Holt and of Erb and Waldro to controlled 
service. 

It would be foolish to put too great trust on figures derived from a very 
few years, but comparisons of the data of Holt and of Edwards (1950-51) for 
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recent years in Great Britain seem pertinent in view of the hypothesis which 
has been put forward concerning the part played by vitamin D in bovine 
reproductive efficiency. Consideration of the data of Holt is assisted by the 
use of Fig. 2, where this worker’s conception rates for the years 1946-47-48 are 
shown: the shape of the curves is believed to be significant. In Curve I, 
for 1946, a downward trend in conception rate begins in June (point “A”); 
the summer of that year was cloudy and wet. In 1947, when the weather 
conditions in the early part of the year were severe, the downward trend 
continues until April (“B”), after which, with a long, brilliant summer, the 
conception rate rises until the end of the year (““C”). In the late winter and 
early spring of 1948 there is little sign of a downward movement in the monthly 
conception rate, due, it is now suggested, to reserves of vitamin D built up 
during the previous summer maintaining fertility at a high level. After a 
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slight fall from April, 1948 (““D”), to June, the advent of a normal summer 
is sufficient to maintain the rate at a steady value up to the end of the year. 


It may justifiably be contended, firstly, that the area for which data are 
reported by Holt is small, and that factors other than environmental ones may 
have operated; secondly, that the period considered is short; and, thirdly, that 
the effective agencies, though environmental, may be other than sunshine and 
vitamin D. The last objection will be dealt with later (p. 000). Meanwhile, 
data for the whole of England and Wales for each calendar month from 
April, 1949, to March, 1951, and reported by Edwards (op. cit.) will be 
reviewed. In this instance, though the period concerned is short, the area 
covered is so large as to smooth out the possible effects of different breeds, and 
of varying foods, systems of feeding and management. The data are set out 
in Table I on page 284. 


284 THE BRITISH VETERINARY JOURNAL 


TABLE I 
Third Month Conception Rates for England and Wales 

Month —— Period _ _— 
April sia woe _ 64.8 60.9 3.9 
May eh ito same 66.5 61.6 4-9 
June ii ies op 66.9 63.1 3.8 
July ph a - 67.7 64.7 3.0 
August _ — és 68.5, 64.4 4.1 
September ... un vi 69.5 66.9 2.6 
Octeber .... te —_ 70.1 67.1 3.0 
November ... il site 70.2 67.3 2.9 
December... ii dds 67.2 67.6 —0.4 
January... me iis 67.4 66.9 0.5 
February... ‘is as 67.5 66.1 1.4 
March ii eh oe 66.2 65.4 0.8 

Year on aa io 67.6 65.5 2.1 


The following comments may be made with respect to the above figures : 
(a) the yearly data are derived from between 400,000 and 600,000 first insemina- 
tions and thus should have a good measure of general validity and applicability ; 
(b) for both periods seasonal maxima occur at about October-November and 
minima at about April; (c) the better yearly average for 1950-51 is doubtless 
due to many factors, including management, increased skill of inseminators 
and environmental factors; (d) the improvement shown by the differences in 
the last column for the period April-November in 1950-51 is distinctly above 
the yearly average, just as that for December-March is well below it. It is now 
suggested that the benefits of the long, fine summer of 1949 extended, not only 
into the autumn, but even into the late winter (1949-50), thus leading to an 
unusual rise in monthly conception rates for the months December, 1949, and 
January-March, 1950: on the other hand, the summer of 1950 was rather 
poor—certainly by comparison with 1949—so that the conception rates for 
December, 1950, and January-March, 1951, were increased only by factors 
other than environmental. The data, in the opinion of the present writer, 
suggest that a very good summer is worth a rise in conception rate of about 
4 per cent during four months of the year at least. 

So far as regional differences of bovine reproduction are concerned, 
suggestions of west-to-east and south-to-north trends have already been made 
(p. 277). Now in so far as differences of latitude are responsible for changes 
in the regional potency of sunshine, a south-to-north trend should exist in 
Britain. On the other hand, since England, for example, spans no more than 
about 4° of latitude, that trend may well be obscured by other factors, such as 
cloud and rainfall. 

Since the maintenance of lactation in the modern cow is a more severe 
test, from the aspects of energy, protein and mineral requirements, than that 
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of conception and pregnancy, it is an advantage at this stage to return to the 
experiments of Olson (op. cit.) and the survey of Wiener (op. cit.). 

Although the reproductive performance of Olson’s cattle, kept away from 
direct sunshine but receiving sun-cured hay, was equal to that of the animals 
given the same food but exposed to sunshine, Olson comments on the occurrence 
of a sharp fall in milk yields during the second and third lactations of the 
former group of animals. The phenomenon is one which might well be 
associated with a slow but steady depletion of some bodily reserves; this occurred 
even when the vitamin D deficiency can presumably have been only mild. 

From this point of view it is interesting to examine Wiener’s lactation 
data: they are given in condensed form in Table II. 


TABLE II 
Region Milk yield Meteorological variations Humidity* 
as % of Monthly Monthly gm. water/ 
average temp. rainfall cub. metre 
(°F.) (in.) 

1. N.W. England, inc. 
N. Wales 4 go 39-58 2.0-4.0 7.2-7.6 
2. N.E. England ion 95 38-59 1.5-3-0 7.4-8.3 
3. Midlands... sal 102 37-60 2.0-3.0 7.2-7.6 
4. E. England ... x III 38-61 1.5-2.5 7.6-8.2 

5. S.W. England, inc. 
S. Wales — 98 40-60 2.5-5.0 8.2-9.2 
6. S.E. England wes 105 40-62 2.0-3.5 7.6-8.6 


* Annual average values at 13 hr. (Met. Office Rep., 1938.) 


Although strict comparison is impossible, the regional variations do not 
seem to differ appreciably from the more recent data of Edwards (op. cit.). 
Wiener’s results have the advantage that the three breeds investigated by him 
are those which are most evenly distributed throughout the different regions of 
Britain, according to the reports of the Milk Marketing Board. Taking Ayrshire, 
British Friesian and Shorthorn cows in turn, Wiener found no breed differences 
of milk production between them. 

A survey of the data of Table II shows clear west-to-east trends in average 
milk yield for three pairs of regions, namely, 1 and 2, 3 and 4, and 5 and 6. 
In addition, a south-to-north drift is shown by comparing region 3 with 1, or 
4 with 2, but the trend is apparently reversed in the extreme south. What 
appears to be a reasonable cause of the reversal is that the very slightly more 
southerly positions of S.W. and S.E. England do not lead to a latitudinal 
increase in the intensity of sunlight sufficiently great to compensate for higher 
rainfall with its corresponding diminution, direct or indirect, in the duration 
or potency of possible sunshine. In this connection Fig. III is of interest, for 
it shows, not only higher average annual rainfall in the west of Britain, as 
compared with the east, but also the way in which a southern strip of the 
country, extending almost the width of England, is affected. Moreover, this 
particular regional distribution is fairly well maintained when monthly average 
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figures are consulted. Only during June and July, and to some extent August, 
does the “tongue” of higher average rainfall over S.E. England recede towards 
the west. From an inspection of maps showing annual (Fig. IV) or monthly 
FIG. 3 
AVERAGE ANNUAL RAINFALL 


average temperatures, no direct relationship of milk yield to temperature is 
apparent. 

The west-to-east fall in average milk yield as shown by Wiener’s data 
ranges from 5 to g per cent of the mean; south-to-north falls may be even 
higher. 

Finally, though the average milk production is increasing yearly in Britain, 
the persistent regional variations for all breeds may still be observed in Table III, 

FIG. 4 
AVERAGE_ANNUAL_ TEMPERATURE 


reproduced from data reported by the Milk Marketing Board (Edwards, op. cit.). 
The table covers the years 1942-50, relates to eleven regions of Great Britain 
and shows the number of times that any region has held particular rankings, 
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in descending order of milk yield. The Eastern Region, for example, has been 
first in each of the eight years. 


(c) The elimination of environmental agencies other than light. 

If the thesis is to be maintained that vitamin D is concerned in producing 
seasonal and regional differences of bovine productivity such as have been 
discussed in the preceding sections, then it is necessary to produce evidence that 
environmental agencies other than light, particularly in the form of bright sun- 
shine, exert no more than minor effects. The direct and indirect effects of 
environmental temperature and of rainfall appear to need most comment. 

Direct effects of temperature appear to be ruled out by the observations of 
Marshall (1942), Sanders (op. cit.) and Mercier and Salisbury (of. cit.), so far 
as temperate regions like the British Isles are concerned. 


TABLE III 
iosienieail Average 
tr of years occupying position position 

123 4 5 6 7 8 9 10 ll 1942-50 Order 
Northern ees oo oKe Or 2 2 3 it — — 74 8 
Eastern a «Ea 1.0 1 
E. Midland _... wow. — 232-—- te =| — = = 3.4 3 
Southern oe owe ——— — 1-4 2i-_--—-— 6.4 7 
S. Eastern st we —- 5 2—-e ie —-—-—-— = 2.6 2 
N. Western ... ow — — Ll— 3—- 22—— — 6.0 5 
W. Midland... ewe —- 116-—-—--—-—--—--—-— 3.6 4 
Mid West z we —-——-——--—- 3 122-—--— — 6.4 6 
Far West = eee ee Ke mH — 1 1 6 106 11 
N. Wales ee. oe eer er er er FE Gy:1 10.0 10 
S. Wales _ a oS ££, 3 8.6 9 
East... me . & © SF 22? Qe 1k =] —] 26 — 
West... aie wa —oh & & €@€ bit 4.8 8 & 7.5 _ 
North ... me oe a ae a SB ee ee ESS 67 _— 
Midlands es - 8 3 48— 1—— 1 6 1 45 _ 
South Pe a — §& Fi | S&S £2 °F G6 2 7 69 —_ 


Wiener’s observations (op. cit.) on regional differences of milk production 
in Britain are against any direct correlation between milk output and rainfall. 

Indirectly, both temperature and rainfall may affect the rate of growth of 
herbage and affect the nature of the crops grown in particular areas. Sanders 
(op. cit.) found no correlationship between arable crop production and milk 
yield: Phillips, Davies and Brown (1949b) agree with this conclusion. In view 
of seasonal relationships in bovine fertility which appear to be common to Britain, 
E. Canada and eastern U.S.A., with their different agricultural systems, it would 
be rather remarkable if such correlations existed. Phillips (1949d), discussing 
the causes of the seasonal variations in calf sales, speaks in general terms of the 
effects of rainfall and of sunshine on crops; more recently (Phillips, 1951) the 
same worker mentions the beneficial influence of “extra hours of direct sun-: 
shine,” which is presumed to act both directly and indirectly on the animal. 
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(d) Other evidence relating to vitamin D to bovine productivity. 

There remains to be considered miscellaneous items serving to relate the 
ultra-violet component of sunlight and, therefore, vitamin D to bovine produc- 
tivity. It is doubtful if the items are all of equal significance but they are listed 
in the order corresponding to the body of quantitative information which is 
available. Even the slightest detail deserves mention, however, if it prevents 
ecological relationships being viewed too narrowly. 


(i) Herp INFERTILITY IN BRITAIN. 

Hignett (1951) and Steele-Bodger (1950) have presented evidence of the 
effect of the dietary Ca/P ratio upon bovine fertility, the former quoting the 
example of whole dairy herds which appear to show sensitivity to comparatively 
slight disturbances of the ratio. That the number of such herds should con- 
stitute but a small fraction of the dairy herds of the country is not necessarily 
good evidence that the phenomenon is nationally unimportant. For one thing 
only a small number of affected herds may exhibit the condition in its extreme 
form; secondly, since calcium and phosphorus production requirements are 
directly proportional to milk output, the higher yielding animals in many herds 
may be the only ones affected to measurable degree. 

Vitamin D is known to be concerned with calcium and phosphorus 
metabolism; in its absence from the diet the absorption of these elements from 
the intestine is diminished. Unlike Hignett who believes that the observations 
he has made are in most cases evidence of lack of insufficient phosphorus in the 
ration of dairy cattle, the present writer views the position as one of sub-optimal 
vitamin D supply, with consequent diminished mineral absorption and utilisation. 
As sunlight and vitamin D supply are closely related in the case of cattle, the 
phenomenon of diminished fertility is considered to be an effect of high 
production linked with environmental factors. 

In this connection Webster’s discovery in New Zealand, that sub-groups 
of dairy cows in 42 herds at pasture showed differences of breeding efficiency 
associated with their respective dietary Ca/P ratios, becomes significant, for 
New Zealand has a place in the southern hemisphere similar to Great Britain’s 
in the north. Her climate is rather similar, too. The pastures concerned (a) 
were regularly dressed with phosphatic manures; (b) produced spring herbage 
of average P content 0.89 per cent with a minimal value of 0.7 per cent, and 
with a Ca/P ratio of 1.32 to 1; and (c) showed phosphorus “ values . . . not such 
as are usually associated with mineral deficiency.” 

Moreover, “the values of the correlation coefficients established between 
breeding efficiency indices and the phosphorus and calcium content, and calcium- 
phosphorus ratio respectively, in the spring* series of pasture samples (coincident 
with the breeding season) were -++-0.45, —0.35 and +0.51. These values are 
all significant. . . .” Secondly, “ the correlation coefficients between the breeding 
efficiency indices and the autumn* pasture analyses were much lower and non- 
significant*.” Even in the autumn the average phosphorus content of the pasture 
was 0.68 per cent, with average Ca/P ratio of 1.89. 

* Present writer’s italics. 
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It is unfortunate that Webster’s data do not appear to be available in full 
for they raise some important issues. For example, as spring was then the 
normal New Zealand breeding season, there being no suggestion of an autumn 
breeding programme, it is perhaps natural that Webster should have been 
impressed by the correlations he had found between breeding efficiency and the 
phosphorus content and Ca/P ratio of spring herbage; he did not suggest that it 
was in any way strange that there should be no significant correlation between 
breeding performance and the analytical values for autumn herbage, with its 
lower phosphorus content and higher Ca/P ratio. Yet in view of what is now 
known of the release of skeletal reserves of phosphorus in the mammal, it is 
curious that bovine fertility should depend only upon herbage quality at one 
time of the year. The present writer is inclined to the view that Webster’s 
animals were vitamin D deficient at the end of the winter, thus leading to 
diminished phosphorus absorption. From the aspect of phosphorus absorption 
animals on herbage of rather higher phosphorus content and lower Ca/P ratio 
would then fare slightly better than the rest. Mathematically significant 
correlations give no information regarding cause and effect and may, indeed, be 
very misleading. 


(ii) THe Time-Lac in Catcium-PHospHorus IMBALANCES. 

Mention has already been made of the animal’s ability to store vitamin D 
being liable to thwart attempts to correlate exposure to bright sunshine with 
bovine reproduction (p. 282); its significance with respect to Laing’s work 
and to the Milk Marketing Board’s conception rates for 1949-50 and 1950-51 
has also been discussed. In this connection it is of interest to note that experi- 
mental fertility data presented by Hignett and Hignett (1952) for housed heifers 
during the period September 19, 1949, to March 14, 1951, and claimed by 
these workers to show a correlation between dietary Ca/P ratio and conception, 
may apparently be equally well used to show a relationship of time of insemina- 
tion to conception rate (Abrams, 19525). In particular heifers inseminated 
during the autumn following the very fine summer of 1949 or during the early 
months of 1950 showed better results than other animals which must either have 
been housed during the summer of 1950 or else exposed to the poorer summer 
sunshine of that year. 

This question of the time-lag is very important. In the case of the con- 
ception rates reported by Holt (op. cit.), for example, the variations shown are 
of such a nature as to be unexplainable by changes of the length of day. If light 
is the determining factor, or one of the factors, then it is necessary to invoke 
either variations in the total intensity of daylight, or, as the present writer believes, 
changes in its ultra-violet component, which is indeed especially susceptible to 
seasonal and climatic disturbances. At the time of writing only the anti- 
rachitic component of sunlight is known to be capable of producing in vivo a 
substance (vitamin D) which could exert its effects at a later date. 


(ili) Mitk VoLumeE AND CatciuM-PHospHoRUS OuTPUT. 
In Section 4 (b) attention was drawn to possible correlations of regional 
differences of average milk yield in Great Britain with the amounts of direct 
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sunshine experienced in those regions and hence with the vitamin D supply of 
the cows. Ths was equally true of Ayrshire, Friesian and Shorthorn cattle. 

Now the calcium and phosphorus contents of milk samples do not appear 
to show wide variations, so that regional fluctuation of milk yield also implies 
similar changes of calcium and phosphorus output, with which vitamin D is 
concerned. 

Another point to which attention should be drawn is the distinctive shapes 
of the lactation curves of spring and autumn calving cows respectively. The 
autumn calving animal shows a pronounced “ hump” in the curve, beginning 
at about April, i.e., when sunlight becomes more powerful and the cows are 
likely to be out at grass; the spring-calver shows but a slight sign of a “ flattening 
out ” of the curve towards the end of lactation. Is this due, in part, and quite 
distinctly from the effects of spring grass, to the autumn-calver beginning lacta- 
tion with comparatively good reserves of vitamin D, which are soon replenished 
in the spring and summer, whereas the spring calver is almost drained of 
reserves of the vitamin by the time she calves, the last four or five months of 
her lactation taking place during the winter months when she is either housed 
or else solar activity is very low? Lactation, with its high calcium and 
phosphorus turnover, may well lead to rapid vitamin D depletion at a time when 
the incoming amounts are small or negligible. 

A further matter for general discussion is the lower conception rates of 
heifers and of older cows compared with that of animals of intermediate age, 
which may be contrasted with the tendency of milk output to reach a maximum 
at about the fifth lactation. This may be viewed from the aspect of calcium- 
phosphorus-vitamin D inter-relationships in the following way : the heifer, apart 
from maintenance requirements, still needs to complete its skeletal development 
for which it requires supplies of calcium and phosphorus, the animal of inter- 
mediate age has but to satisfy its needs for maintenance and moderate levels of 
milk production, whereas the still older cow has to meet requirements for main- 
tenance plus a yet higher milk yield. Here it seems significant that “ there is a 
tendency for cows to get round to spring calving as they get older. For example, 
of first calvers 17 per cent, of third-calvers 35 per cent, and of sixth-calvers 
42 per cent calved in March, April and May” (Hammond, 1942). This is 
what one might expect to happen if the exhaustion of the vitamin D supply 
towards the end of each lactation were one of the factors involved. A temporary 
loss of fertility, diminishing or vanishing as soon as reserves or intake of vitamin D 
had reached a given level, might occur at the end of each successive lactation. 


(iv) BLoop PHosPpHorus LEVELS 

The interesting experiments of Olson (op. cit.) have already received atten- 
tion in this paper. There is, however, one additional observation made by him 
which merits comment. Although only four pairs of analyses were recorded, 
they showed generally higher blood phosphorus levels in animals which had 
been exposed to sunlight and had received sun-cured hay than in those which 
were otherwise treated the same but were housed away from direct sunshine. 
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The differences between the two groups of analyses are not statistically significant 
and Olson comments to that effect. Since lowered blood phosphorus levels are 
one of the symptoms of avitaminosis D, it seems reasonable to link this 
phenomenon with Olson’s statements about milk yields. After all, in his experi- 
ments, one is comparing not the responses of animals receiving vitamin D with 
those receiving none of the vitamin but the reactions to two different dosage 
levels. Though larger numbers of animals than were used by Olson might be 
needed to give to the differences of response a significance acceptable to the 
statistician, it does not prevent one observing that the trend of Olson’s results 
agrees well with that of workers in other fields where calcium, phosphorus and 
vitamin D are involved. 


(5) Suggestions for Trial in the Field 


The nature of the problem which has been discussed in this paper is such 
that, if the evidence were complete, there would be no reason for enquiring 
further into the effect of environmental influences upon bovine fertility and 
productivity. 

In arriving at the conclusion that the vitamin D status of dairy cattle in 
this country is one factor which is concerned in the phenomena, the present 
writer has been influenced by the several considerations which are briefly 
summarised here. 

(1) It is unlikely that the ultra-violet component of British sunshine is great 
enough to enable cattle to build up large reserves, especially when many of them 
are housed for long periods. 

(2) High milk production involves considerable calcium-phosphorus turn- 
over, with which vitamin D is closely linked. 

(3) The sensitivity of some dairy herds to calcium-phosphorus imbalance is 
very suggestive of the existence of a degree of avitaminosis D. 

(4) The difficult problem of bovine winter infertility is one which has been 
associated with the higher latitudes of the northern hemisphere, where sunshine 
is relatively weak. 

(5) Those regional variations of bovine fertility and productivity which 
occur in Britain are largely what one would expect from a knowledge of the 
appropriate climatic variations, especially of sunlight as influenced by latitude, 
rainfall, cloud cover and humidity. 

(6) Some workers in the temperate zones, while finding that there is evidence 
of the action of environmental agencies on bovine productivity, do not appear 
to believe that temperature, light rhythms or plane of nutrition are directly and 
primarily involved. 

(7) The visible and infra-red components of sunlight do not seem to be 
involved in these phenomena. 

(8) There is much supplementary, indirect evidence in support of vitamin D 
taking that part in bovine productivity which has been postulated here. 

There are many gaps in our knowledge of the relationship of ecology to 
animal productivity. For example, on the more purely physical and chemical 
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side, little seems to be known of the inter-relationships between the ultra-violet 
component of sunlight and the micro-climate of grass or arable land. There 
are corresponding gaps in the biological field. 

For these reasons it is desirable that any tests of the hypothesis that bovine 
productivity is associated with the ultra-violet component of sunlight should not 
be small, local ones. Too many variables are involved which might well neces- 
sitate several repetitions of the tests. It would be far better and much more 
informative if large-scale trials covering different regions of Britain were used. 

If in a number of different parts of the country half of the cows in selected 
dairy herds were given vitamin D, their fertility and milk production being 
compared with that of untreated animals during a period of two or three years, 
it would not be difficult to see whether the anti-rachitic component of sunlight 
is an environmental agency of importance in these islands. In the view of the 
present writer the use of vitamin D in this way would probably give rise to 
5-10% increases both in conception rates and in milk yields. If, however, 
the contrary were proved, then the number of suspected environmental agencies 
would at least have been reduced by one. 

July 25, 1952. 
* * * 

I am greatly indebted to Professor N. J. Scorgie for his advice and criticism 

during the writing of this paper. 
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NERVOUS SYMPTOMS DEVELOPED IN THE 
CHONDRODYSTROPHIC DOG 


By RAMSAY MILLAR and RICHARD TUCKER 
Veterinary School, The Queensland University, Brisbane. 


Introduction 


THE nervous symptoms associated with congenital disease present a complex 
syndrome. The causative conditions develop in pre-natal life and all that is 
presented are post-natal manifestations. Often these are secondary or tertiary, 
which makes primary explanation of post-natal symptoms difficult or even 
impossible. In congenital disease the development of diatheses or directed 
sensibilities are essential links between foetal past and post-natal present. 

The case to be presented, a congenital disease, chondrodystrophia feetalis, 
was expressed fairly well, presenting both physical and nervous peculiarities. 


Case Report 

A female Pekinese, aged eight months, was presented for examination. Her 
general bodily condition was good, her weight being 7 lb., which did not appear 
abnormal. The eyes were bright, coat good, the temperature was normal. The 
skull, spine and tail appeared normal. 

There was a well-marked “rosary,” the costochondral junctions being 
grossly enlarged. 

The forelegs were badly bowed and the dog was unable to walk, due to 
crossing of the forelegs. 

History 

The puppy was one of a litter of four, all apparently normal at birth. Both 
parents were English imported dogs of very high pedigree. This was the bitch’s 
first litter. It was impossible to obtain any further data as to the family history. 

All puppies appeared to be normal until they were approximately eight 
weeks old. Three puppies made normal progress in walking, whilst this one 
appeared to the owner to be abnormal. She was then presented for examination. 
At this time the case was diagnosed as rickets, and treated in accordance with 
rational therapy for the disease. She was taken home and treated, but showed 
no improvement. During this time the normal body functions were maintained. 
After four months the bitch was brought back for further examination. 

She was admitted to the hospital and again treated for rickets for a short 
time. This provided an opportunity to observe the dog more closely, when 
symptoms of neurological abnormality were seen. Observation was continued 
without further treatment, and during the six weeks various temporary and 
partial nervous recoveries and relapses were noted. 


Symptoms 
Stimulation of the skin surface over a small area approximately in the 
mid-dorsal line, between the last two cervical and the first two or three dorsal 
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vertebrz, produced reflex myoclonics. When the dog was lying in a normal 
mid-line position on the table and shook its head, as either ear touched the 
cervico-dorsal mid-line skin the patient passed into a transitory myoclonic state. 
This prompted a minute examination of this area and the central nervous 
system. If stimulations were frequent, muscle tremors of the hind legs persisted. 

The hair was cut off, an inch each side of the mid-dorsal line, from the 
occiput to the coccyx. On scarifying the skin, the exact area of hypersensitivity 
was traced, being marked with indelible ink, and the dog photographed to show 
the extent of the area. 

The periphery of the sensitive area was circumscribed by thin copper wire 
which, under general anzsthesia, was stitched into position around the described 
area, and an X-ray taken in the ventro-dorsal position (Fig. 1). 

Pupillary reflexes were good. The palpebral and corneal reflexes were good. 
Accommodation was good. Sensibility on face, eyes, tongue and teeth was 
normal. 


The following observations were made :— 
No atrophy of masseter or temporal muscles. 
Face symmetrical. 
Hearing good. 
Pulse and respiration normal. 
Position of scapulz normal. 
Posture abnormal, spine abnormal, involuntary movements marked. 
Passive movements not changeable. 
No rigidity of head and back. 
No sphincter abnormality. 
Reflexes in forelegs difficult to judge. In the hind legs they appeared 
normal. 

The blood count showed relative lymphocytosis and neutropcenia (total 
W.B.C.’s 11,760/c.mm., lymphocytes 50 per cent, neutrophils 40 per cent 
eosinophils 1 per cent). Urine on testing proved normal. 

The area was subjected to the direct heat of an electrical heater. After 
2-3 minutes, the dog came to the state of spontaneous myoclonics. 

On intradermal infiltration with procaine, no reflexes of any sort were 
observed. 

During anzsthesia with phenobarbital, stimulation of this area produced 
normal bilateral scratch reflex actions instead of the myoclonics. This was 
the first time that the normal scratch reflex was observed. The area of sensi- 
bility moved from the right-hand to the left. An area the size of one half- 
penny on the left-hand ribs, behind and on a level with the point of the elbow, 
gave a typical scratch reflex. Hypertonus of the muscles and resultant temporary 
kyphosis was produced. It was impossible to stretch the dog straight, in spite of 
anzsthesia. On stimulation of the foot, the whole body curved, and the 
kyphosis was more pronounced, accompanied by lateral movements of the body. 

The hypersensitive skin area was raised between the forefinger and thumb, 


(Article by Millar and Tucker, page 293) 
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accompanied by myoclonics. No reflexes were produced by the stimulation of 
the local subcutaneous area. 

From the front of the prescribed area of sensibility to the occipital area there 
was hyposensitivity. Below this area sensibility was normal. 


Bibliography 
According to Kirk (1947), there are difficulties in diagnosis of rickets in 
Pekinese, and in making a differential diagnosis between rickets and osteogenesis 
imperfecta. There seems to be some doubt as to whether osteogenesis imperfecta 
and rickets are separate entities, or varieties of the same congenital illness. Such 
others as Pfaundler (1930), Siegert (1903), Ziesch (1925), and Curtius (1935) 
say there is still doubt as to whether rickets is a congenital illness in any exact 
form, or there exists only a rachitical diathesis. 

A form of congenital disease in a similar type of dog, only of hind leg 
lameness, is known as “ rolling” in bulldogs (McCunn, 1939). According to 
Schnelle (1950), osteogenesis imperfecta can give rise to typical rachitical chest 
and leg deformities. 

It is known that the Pekinese dogs suffer from chondrodystrophia feetalis or 
or achondroplasia. The condition is not only manifest in the heads of this 
type of dog, but also in the limbs (Weinmann and Sicher, 1947). 

Ford (1937) has referred to six cases of spastic paraplegia associated with 
chondrodystrophia in man. This condition is very often associated with dilation 
of the cerebral ventricles. The disease may be classified not only as a feetal 
disease, but as an adult malformation. 

A number of observations are recorded in the neurological literature which 
are similar to the syndrome exhibited by this dog. For example, Brain and 
Strauss (1945) observed atrophical and dystrophical muscle changes and lame- 
ness due to nervous diseases. The possibility of congenital spastic paralysis 
receives support from Ford (1937), who also points out that febrile conditions in 
children give rise to acute spastic paraplegia. There may, on the other hand, 
be some connection between these symptoms and aplasia congenita (Sheldon, 
1932). Fits and the convulsive phenomena associated with deficiency diseases 
and congenital physical and neurological malformations, give rise to spasm. 
Holt and MacIntosh, after Ford (1937), state that in 293 cases of infantile tetany, 
only three failed to give evidence of rickets. Further, they state that sensory 
stimuli seem to provoke convulsions and seizures in children bathing in cold 
water. Infantile scurvy and vitamin C deficiency (Park and Jackson, 1935) 
give rise to a similar physical picture in the legs of children to that of the fore- 
legs of this particular dog. 

In tetany the normal blood calcium is much reduced. It scarcely seems 
necessary to discuss convulsions associated with alterations in the Ca-P ratio, 


hypoglycemia and other metabolic disturbances. Whilst in general convulsions 


it is customary to recognise the “ congenital tendency ” to convulsive reactions, 
this is regarded as an inherited factor. 
Cases have been reported in the medical literature (Ford, 1937) in which 
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a stimulus applied to certain cutaneous areas will cause a convulsion. Such cases 
are known as reflex epilepses. The areas of stimulation are known as epilepto- 
genous zones. 

Scheidt (1947) found that certain connections existed between specific 
disease and specific disturbances in the autonomical nervous system. 


Observations 


All types of fits are due to primary disease of the brain, spinal chord and 
meninges separately, or in various combinations, often in conjunction with differ- 
ing syndromes. These diseases are connected with temporary loss of conscious- 
ness, especially in dogs showing post-distemper fits, encephalitis, etc. Varying 
intracranial pressure may be associated with chondrodystrophia feetalis, resulting 
in paroxysmal reactions. The clinical significance of exophthalmus and 
chondrodystrophia in breeds of dogs other than Pekinese and bulldogs is apparent, 
for in the breeds mentioned these deformities are congenital breed characteristics. 

Physical alterations in the skull, and changes registered in the epiphyses of 
the long bones (Weismann and Sicher, 1947), aid a positive diagnosis (see post- 
mortem report). 

Chondrodystrophia is primarily a disease of cartilage, so that malformation 
of the forelegs is in keeping with this. Chondrodystrophia foetalis may be com- 
plicated by rickets. In this case, a specific rachitical chest is a predominant 
clinical feature. 

The abnormal nerve reactions associated with chondrodystrophia fcetalis, 
on the one hand, and rickets and ‘associated conditions on the other, are con- 
nected with: (i) reflex, (ii) strength, and (iii) sensibility. Abnormal reflexes 
were : (i) the area of sensibility, (ii) strength, and (iii) mutability. 

Reflexes. The similarity with our case and some cases of epilepsy is that 
there are found epileptogenetic fields, and, in our case, myoclonogenetic fields, 
the difference being that on stimulation you get, on the one hand, convulsions, 
and on the other myoclonics only. 

The reactions on these two fields are similar in their mode of stimulation. 

There is no rational localisation of these areas. 

Strength. The strength of the reaction seems to have no relationship to the 
amount of stimulation. 

Sensibility. Under general anzsthetic the stimulation of this area gave a 
clear “scratch reflex” typical of the dog, in one leg only. 

Probably there are two factors—first, the paroxysmal stage due to cortex 
stimulation arising from changes in the shape of the brain or C.S.F. pressure, 
similar to spasmophilical diathesis and epilepsy. Secondly, it may be due to the 
spinal cord or autonomic nerve system. There a to be no reference 
to the migration of reflexes. 

In this dog, it appeared that although deep narcosis was produced, the 
brain was still able to exert a profound influence on the skeletal muscles, the 
brain appearing to be the source of spasmophilia. 
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Post-mortem Examination 


The dog was destroyed. Nothing of interest was revealed other than macro- 
scopic changes in the bones of the forelimbs. There was no evidence of rickets. 
The changes in shape of all the bones of the foreleg, excluding the humerus, 
were confined to the diaphyses. In both radii the curvature was most pronounced 
at the junction of the middle and lower thirds of the shaft. In the ulnas, the 
curvature was in the same site relative to the normal radius and ulna apposition. 
The most spectacular changes were in the scapulz (Fig. 2). The spines of both 
scapulz were bent laterally two or three times each way in their length. The 
margins of both bones were bent up and down in their whole circumferencesy 
They were curved from the ventral to the outer surface in each case, very much 
accentuating the depth of the supraspinous and infraspinous fossz, also chang- 
ing the entire shape of these from the usual fossz to a wide and deep sulcii with 
pronounced lateral borders. 

The subscapular fossa was very much more concave in its width, and thus 
deeper in its length, presenting itself as a deep, narrow trough. This was 
bordered by a high, curved ridge of bone, resulting from the lateral curvature 
of the edges described above, of the supraspinous and infraspinous fossz. 

The scapula, held up to the light, showed many translucent areas, well 
marked in the fossez and body of the bone, presenting a lamine papyracee 
throughout the bone. These were most pronounced in the upper end of the infra- 
spinous fossa, where there appeared osteopapyriasis to such an extent as to 
present, after boiling, a hole in the bone. A little below and behind the olecranon 
at the base of the spine and running into the left infraspinous fossa, was seen a 
large, distinctly translucent and semicircular-shaped area. Both ulnar at the 
junction of the upper three-quarters and the lower quarter showed marked. 
osteoporosis affecting the whole shaft of the bone. Deformity of one digit was 
noted (Fig. 3). 

Summary 


1. Details of pathological reflexes and clinical picture in a chondrodys- 
trophic dog are given. 

2. The presence of a myoclonogenic field in the cervico-thoracic area as 
well as the migratory effects and reflex changes under local and general 
anesthesia are described. 

3. Connections of chondrodystrophia foetalis with the bone and nervous 
disorders associated with nutritional deficiency are briefly discussed. 

4. Osteopapyriasis of scapule and osteoporosis in ulna and radius are 
described. 

5. Chondrodystrophia foetalis gives a picture of malformation and chondro- 
dystrophic diathesis. This congenital disease may be connected with abnormal 
enzyme production, resultant abnormal morphotic relations involving both bone 
and nervous systems. 

6. Study of congenital diseases through the embryonic and adolescent 
periods of life, in clinical and developmental features, is necessary. The oppor- 
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tunity for such a study may arise in the case of Pekinese dogs, where this 
congenital disease may be hereditary. 

7. Further observations of disorders in chondrodystrophic Pekinese dogs 
will be reported later. 
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THE CATTLE TRYPANOSOMIASES 


A Cryptic Focus of Parasites in Association With 
a Secondary Stage of Disease 


By R. N. T.-W.-FIENNES 


E. A. Veterinary Research Organisation, Kabete, Kenya. 


FIENNES (1950a) discussed some anomalies of the pathological picture in 
the trypanosome infections of cattle due to Trypanosoma congolense and T. 
vivax. It was, in particular, difficult to explain the progressive advance of the 
disease during the post-critical period, when the parasites appeared to be in the 
course of elimination by the body defences. The same author (Fiennes, 1950) 
gave experimental evidence, from which he deduced that: (1) Undiscovered 
cryptic foci of parasites must at times exist; (2) the parasites in these foci were 
not necessarily latent, but might be the active cause of disease symptoms. If 
this were so, he believed that a secondary stage of trypanosomiasis must be 
recognised in which the pathology was dependent on the presence of parasites 
in the tissues. Low-grade blood infections in such cases he regarded as being 
in the nature of an overspill from tissue foci. 

The present paper describes the presence of trypanosomes, both T. con- 
golense and T. vivax, in the hearts of cattle associated with lesions thought to 
be of sufficient severity to account for many of the symptoms and pathological 
changes found. The cattle, which were kept in contact with tsetse flies, had been 
treated with antrycide or dimidium as a prophylactic, but no attempt in the 
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antrycide protected groups had been made to repeat injections at sufficiently 
short intervals to forestall infection. 

The disease encountered was associated with the sporadic appearance of 
both T. congolense and T. vivax in the blood smear, often only in small numbers. 
The presence of parasites in the heart, associated with severe lesions, seemed 
therefore to be a more reasonable explanation of the more serious symptoms 
and heavy mortality than the mild blood infection. 

It had been proposed to refer to this form of the disease as “ secondary 
trypanosomiasis.” This term has, however, been criticised by Dr. C. A. Hoare 
on the following grounds :— 

(1) That the cardiac lesions depend chiefly on the passive action of destroyed 
parasites, and not on the activity of living parasites as in the case of secondary 
syphilis and the later stages of human trypanosomiasis in Africa and Chaga’s 
disease. 

(2) That, since the trypanosomes are in the main confined to the capillaries, 
the condition is to be regarded as the terminal stage of a blood infection and 
not as a separate form of the disease; clinically, however, it may still represent 
a separate disease entity. 

Dr. Hoare suggests that the condition be regarded as a secondary stage, 
as in Fiennes (1950b), and this term has been adopted. It is, however, neces- 
sary to stress: (1) That a primary stage may not precede its development; 
(2) that the type of disease encountered does not neecssarily conform with that 
of uncomplicated trypanosomiasis in the post-critical stages. It is permissible, 
therefore, to refer to this condition as a secondary stage, but not as the secondary 
stage. 

The objects of the present paper are as follows :— 

(1) To give an account of foci of trypanosomes, which have been found 
in the hearts of cattle. 

(2) To demonstrate their association in this site with tissue damage. 

(3) To suggest that the lesions described are in all probability accountable 
for the pathological state to a greater extent than the presence of parasites 
multiplying in the blood. 


History of the Cattle Used 

The cattle used were the survivors of 111 which had been sent into tsetse 
fly country for purposes of prophylactic tests with antrycide and dimidium. 
Six cattle were Guernsey and 21 Zebu bulls or bullocks. Except for one 
animal, the cattle had either been used by Davey (1950) in his experiments at 
Kiboko on antrycide prophylaxis or by the writer (unpublished data) on antry- 
cide and dimidium prophylaxis in the same area . Most of the cattle in the 
antrycide groups had been re-treated with antrycide and the dimidium groups 
were given regular monthly injections of dimidium. They had been exposed 
to tsetse flies for 15 to 20 months, except for the Guernseys, which had been 
exposed for some six months only. In all cases except one, infection with both 
T. congolense and T. vivax had been diagnosed by blood smear examination, 
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though sporadically and usually only with small numbers of parasites present. 
Some appeared “fly struck,” others appeared to be in good condition. The 
results of hemoglobin examinations, however, made by the Tallquist method, 
showed a diminution from 80 per cent or more to 50 per cent. 

One animal included in the figures given above had not received injections 
of any drug; it succumbed to acute trypanosomiasis and was destroyed in 
extremis after 17 days. It was directly infected from an antrycide protected 
beast and is included because of the intense localisation of T. congolense in the 
cardiac capillaries (Plate I, 1). Such localisation has not previously been 
described in cattle and was not reproduced on subinoculation from this animal. 


Technique 

Six cattle died and formalin-fixed tissues (heart and lymphatic glands only) 
were sent from the field station. All others were killed immediately prior to 
autopsy, and warm, living tissue was taken for fixation. 

A total of 400 smears and an equal number of sections have been examined, 
comprising: Heart, 177; adrenals, 35; hemolymph glands, 48; ma. 42; 
livers, 21; lungs, 21; lymphatic glands, 353 spleens, 2. 

Examination was made using the 1/12 in. objective with a X 5 eyepiece 
in a binocular microscope giving a magnification X 750. In heart sections, 
50 per cent of the area was examined field by field; in other sections, at least 
25 per cent of the area was examined in the same way. This was done in all 
cases except where results were quite unmistakable from a more limited 
examination. 

To ascertain the morphology of the parasite forms in sections, recourse was 
had from time to time to the use of various coloured light filters and to phase 
contrast in combination with a red filter, which throws the trypanosomes into 
relief. 

The results of smear and section examinations have corresponded well and 
this confirms the accuracy of the section examinations, which are not always 
easy when parasites are rare. 

Material for parasitological examination, except in the cases mentioned 
above, was fixed in Carnoy’s fluid and stained by Giemsa by a method recom- 
mended by Colonel H. E. Shortt, of the London School of Tropical Medicine. 
This method gives the same colour values as those of smears stained by Giemsa. 
Sections were cut to a thickness of 5 microns. 


General Results 

With the exception of the hearts, trypanosomes were only sporadically 
present in the organs examined. Spleens showed parasites in only one case. The 
hearts were parasitised in every case examined, but by far the greater number 
of parasites were degenerate or lysed. Normal trypanosomes were also present 
in the hearts, but as a rule only in small numbers. 

One animal had only shown a single trypanosome in the blood on one day, 
and in another only six parasites were seen in a gland smear on two consecutive 
days in six months. Both these animals, in contrast to the remainder, had been 


No. 1.—Section from heart of ox, affected with acute trypanosomiasis, showing the presence 
of numerous 7. congolense and necrosis of muscle fibres. (Giemsa, X 1,200.) 


No, 2.—Smear from heart of ox, showing one No. 3—Smear from heart of ox, showing an 

normal 7. congolense and two lysed forms, one of agglutinated cluster of lysed trypanosomes, only 

which was destroyed while in the act of division. partially coiled to form rounded bodies. 
(Giemsa, * 3,000.) (Giemsa, X 3,000.) 


(Article by R. N. T.-l}.-Fiennes, page 298) 
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No. 1.—Smear from heart of ox, 


showing an agglutinated cluster of ; E : ; 
trypanosomes, coiled into rounded bodies. No, 2.— Smear from heart of ox, 
(Giemsa, & 2,250.) showing agglutinated, lysed  trypano- 


somes, which have been phagocyted. 
(Giemsa, X 2,250.) 


No. 3.—Section from heart of ox. No. 4.—Section from heart of ox, 


showing a parasitic embolus in a showing agglutinated trypanosomes, 
capillary. (Giemsa, X 1,500.) associated with necrosis of the muscle. 


(Giemsa, X 1,500.) 


aha No. 6.—Section from heart of ox, 
No. 5.—Section from heart of ox, showing a single normal trypanosome 


showing lysed trypanosomes in asso- lying in a capillary. Note the necrosis 
ciation with infiltration of phagocytes. of the adjacent muscle fibre. 
(Giemsa, X 1,500.) (Giemsa, X 1,500.) 


(Article by R. N. T.-\W.-Fiennes, page 298) 
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No. 1.—Section from heart of ox, showing No, 2.—Section from heart of ox, showing 
congestion and hemorrhage, associated with a mild degree of capillary dilatation and 
destruction of the musculature. muscular atrophy. (Giemsa, X 600.) 


(Giemsa, X 600.) 


No. 3.—Section from heart of ox, showing No. 4.—Section from heart of ox, as No.5, 
extreme capillary dilatation, separation of but showing the fibres cut in longitudinal 
fibres and atrophy. (Giemsa, X 600:) section, (Giemsa, X 600.) 


(Article by R. N. T.-W.-Fiennes, page 298) 


No. 1.-—Section from heart of ox, showing cloudy swelling and necrosis of muscle fibres. 
(Giemsa. X 600.) 


No. 2—Section from heart of ox, showing disintegration of muscle fibres and round cell 
infiltration. (Giemsa, X 600.) 


(Article by R. N. T.-IV.-Fiennes, page 298) 
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removed from the “ fly” area before infection had been diagnosed, the first 
fifteen months before it was killed, the second eleven months. 


The Morphology of Trypanosomes in the Hearts 

The Degenerate or Lysed Trypanosome Forms. In smears from the hearts 
lysed trypansomes lay singly or in pairs, or else in agglutinated clusters. Many 
single forms and clusters were phagocyted by granulocytes or macrophages. 

All stages of the degeneration process were seen from intact trypanosomes 
to relics consisting of fragments of nucleus, kinetoplast and axoneme. The 
cytoplasm disappeared, the nucleus became pycnotic and the axoneme became 
curved in an arc, so that the kinetoplast lay adjacent to the nucleus. The 
ultimate appearance was of a rounded body, such as might be mistaken for a 
leishmanoid, except that there was no evidence of cytoplasm. These forms were 
associated with both T. vivax and T. congolense, mostly with the latter. 

In sections the lysed trypanosomes were found to be mostly intracapillary, 
though in some cases the exact location was difficult to determine. Many capil- 
laries were seen to be blocked by agglutinated clusters of parasites; in other 
places parasites were seen to lie singly or in small groups. In some cases they 
were widespread, in others they were focally distributed. 

Once recognised, the degenerate forms were readily identified, paar 
special methods were of value in studying their morphology in sections. 

The Normal Trypanosome Forms in the Hearts. In some sections normal 
trypanosomes were easily detected; in others prolonged searching was necessary. 
They were present in the capillaries and, where numerous, had the normal 
appearance of trypanosomes in capillaries. Where they were rare they usually 
lay singly and appeared to be small in size. They were often seen lying coiled 
transversely across the lumens of the capillaries, either in an “S” or in the form 
of a rounded body. 


The Effect of the Parasites on the Hearts 

A full histological examination of these hearts has not yet been made. At 
present it is merely wished to establish that severe lesions occur in association: 
with the parasite forms described. 

Lesions were found in all hearts examined, including those of the two 
animals which did not reveal a general blood invasion. In some animals they 
were more severe than in others, and the degree of severity was often greater 
in some parts of the same heart than in other parts. In severely affected hearts 
the muscle fibres suffered from widespread necrosis, which ultimately resulted 
in foci of disintegration and replacement by nodules of lymphocytic infiltration. 
At an earlier stage the fibres were seen to be shrunken, leaving spaces between 
them in which were situated much dilated capillaries; such spaces often har- 
boured large numbers of phagocytic cells, which frequently contained lysed 
trypanosomes. 

The capillaries were invariably found to be dilated. They usually contained 
very few red blood cells in spite of the dilatation; in one animal only, congestion 
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and hemorrhage were noted. Many capillaries were seen to be blocked by 
parasitic emboli. 

Some necrotic lesions appeared to be primary and directly associated with 
the presence of parasites, either intact or lysed. Others appeared to be secondary 
to atrophy, which resulted from: (1) Interference with capillary circulation by 
parasitic emboli; (2) pressure from dilated capillaries. 

Attention was drawn by Fiennes (1950a) to the specific effect of T. con- 
golense in causing dilatation of capillaries, and it is considered that this property 
may have a bearing on the development of heart lesions in these cases. Biillbring, 
Lourie and Pardoe (1950) demonstrated the presence of acetyl-choline in 
T. rhodesiense and it is possible that release of this agent may explain to some 
extent how lesions of the severity encountered come to be associated with the 
presence of dead trypanosomes. 

The damage to the cardiac musculature was very severe and evidently 
associated with the presence of dead and living parasites, mainly in the capillaries. 

Discussion, ‘ 

These matters can best be studied by considering the following questions :— 

(1) How do these descriptions compare with reports of other workers ? 

(2) What is the nature of the parasite forms that have been found ? 

(3) What is their origin? 

(4) Are they the cause of the cardiac lesions? 

(5) What is the significance of the cardiac lesions? 

Review of Literature. Moore and Breinl (1907), working with T. gambiense, 
described the formation of “latent bodies” which they did not believe to be 
degenerate forms, but which they considered might redevelop. They were found 
in the lungs, spleens and bone marrows of rats. The editor of the Sleeping 
Sickness Bulletin (1910) commented that more evidence was required before they 
could be accepted as part of a life cycle in the vertebrate host. 

Hindle (1909) described developmental forms of T. dimorphon (probably 
T. brucei) in rats and guinea-pigs. After undergoing changes it was supposed 
that the trypanosomes became converted into small, rounded cysts, which were 
carried to the spleen. All trypanosomes except these cysts were destroyed by 
atoxyl. 

Buchanan (1911) described “latent bodies” from T. brucei infections of 
the gerbil. 

Fantham (1911), working with T. gambiense and T. rhodesiense in rats 
and guinea-pigs, claimed to have observed the actual formation of the “ latent 
bodies ” of Moore and Breinl. He claimed also :— 

(1) That they arose from flagellate trypanosomes. 

(2) That he observed them being reconstituted to flagellate forms. 

(3) That he set up infection on subinoculation of these forms in the absence 
of flagellate forms. 

Walker (1910) described developmental forms of T. evansi in guinea-pigs, 
which he considered to be similar to the “latent bodies.” The trypanosomes 
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were said to become coiled into a sphere, the anterior and posterior ends fusing 
to form the rounded body. 

It was thus at one time believed that a developmental and resting stage of 
trypanosomes had been found in the vertebrate body, an opinion reinforced by 
Chaga’s (1909) discovery of the schizogony cycle of T. cruzi. 

On the other hand, Laveran (1911) also found forms resembling “ latent 
bodies” in the organs of rats killed at the trypanolytic crisis. | He studied 
T. gambiense, T. brucei, T. dimorphon, and T. lewisi. In reviewing the work 
of Moore and Breinl and of Fantham, already quoted, he concluded that their 
“latent bodies” were degeneration forms, and explained in reference to 
Fantham’s work that trypanosomes were often found “en boule” and were 
still capable of setting up infection in this state. 

Yakimoff and Kohl (1907) and Blacklock (1912) had appeared to give 
evidence that resistant forms of trypanosomes must exist. It was shown that 
animals could be infected by material from cadavers long after all traces of 
morphologically normal trypanosomes could be demonstrated. In these cases 
the incubation period was prolonged, and this was ascribed to the increased 
length of time taken for the resistant forms to develop. Biot (1910) had, how- 
ever, shown that trypanosomes in an apparently advanced stage of degeneration 
could be revived by the addition of normal saline. The present author (unpub- 
lished data) has obtained some evidence that apparently degenerate trypanosomes 
can prove infective. 

Schwetz (1928) and Schwetz and Fornara (1929) described leishmanoid 
forms of T. vivax and T. congolense from the hearts and brains of cattle. No 
complete investigation was made and it is hard to resist the conclusion that they, 
too, observed degeneration forms. 

There seems little reason to doubt that Laveran was correct in believing 
that the “latent bodies” were degeneration forms. This does not constitute 
proof that developmental forms of trypanosomes will not be found in the verte- 
brate body. Unexplained anomalies exist, such as the extrusion of granules by 
trypanosomes as described by Fry (1911), Ranken (1912), and Fry and Ranken 
(1913), a phenomenon which has also been observed with T. congolense by the 
writer. (unpublished data). | 

It remains to notice the work of Peruzzi (1928). He described a myocarditis 
of monkeys infected with various species of polymorphic trypanosomes; he 
claimed that there was in these animals a frequent localisation of parasites in 
the heart which was not related to the numbers of parasites seen in blood smears. 
In this respect his findings agree with those described here. _It is, however, 
evident from his descriptions and figures that the parasite forms associated with 
the lesions were developmental and not degenerate. Moreover, Peruzzi seems 
to have been correct in describing these forms as parasitic in the cardiac tissues 
themselves and not merely in the capillaries. While, therefore, the localisation 
of parasites in the heart in his cases is of great interest in relation to the same 
phenomenon described here, in other respects the picture is different. 
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The Nature of the Parasitic Forms in the Heart. Shortt (1950), to whom 
the author sent material, wrote as follows :— 


“These small bodies I am already familiar with in experimentally infected 
animals, and I have come to the conclusion that they are most probably the 
nuclei and parabasals of phagocytosed trypanosomes. . . . I agree with you 
that they are almost certainly derived from trypanosomes, but that they are 
degeneration forms.” 


We were at first tempted to believe that developmental forms had been 
found, but were subsequently able to confirm Shortt’s opinion on the following 
grounds :— 


(1) The absence of detectable cytoplasm. 


(2) The discovery of forms intermediate between normal and degenerate 
parasites. 


(3) The widespread phagocytosis. 


Hence, there can be little doubt that the bodies described are trypanosomes 
in a state of lysis. 


What is their Origin? Study of the organs examined has revealed no 
evidence of a developmental stage, from which the normal and lysed trypano- 
somes could have arisen. Certain organs have, however, not been examined, 
and this will require to be done before definite conclusions can be drawn. On 
the evidence presented it would appear that the lysed forms arise from the intact 
trypanosomes, which though often scarce could be demonstrated in sections of 
the hearts and sometimes of other tissues. 


Are the Lysed Trypanosomes the Cause of the Cardiac Lesions? While 
necrosis of cardiac muscle fibres was directly associated with the presence of 
dead and living parasites, there was in addition a widespread atrophy of the 
fibres, which appeared to be dependent on interruption of capillary circulation 
by parasitic emboli and on pressure by dilated capillaries empty of red cells. 


The lesions can without doubt be ascribed to the presence of trypanosomes 
in the cardiac capillaries, and there is thus a strong probability that lesions in 
other organs are secondary to those of the heart. 


What is the Significance of these Lesions? ‘There is some reason to believe 
that changes in many organs in cases of bovine trypanosomiasis may be due 
to circulatory disturbance, anemia and tissue anoxia. Any such process could 
be either initiated or intensified by lesions of the heart if they should lead to 
incompetence. No functional heart tests were done on our cattle; there is, how- 
ever, no doubt that some at any rate died as a result of syncope. 


While the pathology requires further study, there are good grounds for 
supposing that symptoms and tissue changes were consequent on the condition 
of the heart to a greater extent than on the effect of the parasites sporadically 
present in the blood, often in comparatively small numbers. 
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Summary 
(1) An extensive parasitic involvement of the heart has been discovered in 
cattle suffering from a secondary stage of trypanosomiasis. 
(2) The majority of the parasites were degenerate or lysed forms, but normal 
trypanosomes were also present. 


(3) Such foci of trypanosomes were discovered in the heart of one animal 
which had been removed from contact with tsetse flies over a year previously 
and which had only shown a positive blood or gland smear on one occasion. 
In another animal they were also found, although parasites had only been seen 
in a gland smear on two consecutive ~~ in six months, and then only in very 
small numbers. 

(4) Severe lesions were found in the hearts in association with both normal 
and lysed trypanosomes, which appeared to be the direct cause of the lesions. 

(5) It is suggested that the cardiac lesions may be the underlying cause of 
the pathological state associated with this secondary stage of trypanosomiasis 
of cattle. 
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REVIEWS 


Tue Hannan Darry Researcu INstiTuTe, KirKHILL, Ayr, SCOTLAND. Its 
Origin and Development, 1928-1951. 


THE small but well-set-out booklet published by the above Institute on the 
occasion of the opening of the extensions in April, 1951, makes interesting 
reading, particularly to one who visited Kirkhill during his student days. The 
two maps should prove very useful to visitors. , 


Like so many more, the Hannah Institute started in what may be described 
as a small way, with just a handful of workers, but as the years went by the 
number of workers increased. These people then found that the building was 
not large enough. There was only one real answer to this problem, and that was 
to either create a new building or extend the existing one. Those at the Hannah 
Dairy Institute chose the latter course, and if the photographs are carefully 
examined one can see that the style of the extensions is the same as that of the 
original building. This has much to commend it, as then the whole building 
does not have a patchy appearance. Comparing the plans of the original building 
and those showing the original building plus the extensions, it would appear that 
the extensions have more than doubled the working space. 


With the new buildings and stimulating programme those at Kirkhill have 
a busy and interesting time before them. The long-term experiment, 1940-1951, 
the object of which was to find out how self-sufficient a farm could be, should 
make interesting reading when the full report of the experiment is published. 
Grass and grass-products play a very large part in an experiment of this nature, 
and to this end the Kirkhill workers are studying the effects of a ration composed 
of grass and grass-products only, and fed for one year to the entire stock. 


There is other useful and interesting work being carried out at the Hannah 
Dairy Research Institute, which no doubt will be published at a later date. 

The foresight of the pioneers and the public spirit of the late Mr. Hannah, 
who recognised the potential value of the project, has already paid dividends, 
and the Institute, so well founded, will pay greater dividends in the future. 
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Tue STRUCTURE OF THE Meat ANIMALS, by Roderick Macgregor, F.R.C.V.S., 
M.R.S.I., M.I. of M. Technical Press, Ltd., Kingston Hill, Surrey. 
Price 20s. 


Tuts is a book intended for students, studying at the National College of 
Food Technology, who take the examinations prescribed by the Royal Sanitary 
Institute. 


The book can be recommended as a general introduction to the study 
of the anatomy and physiology of the domesticated animals. The author has 
attempted an enormous task and he is to be congratulated, for he has concen- 
trated so much diverse and important information in such a small bulk. The 
language is plain and simple, and high-sounding scientific terms are used 
sparingly. This is good, for most of his readers will be men whose approach 
will be that of the practical artisan who is desirous of enhancing his competence 
in his job. 

We have not much doubt that there are many men of high scientific attain- 
ment who would profit by perusing the pages of this book. If it did nothing 
else, it might enlighten and instruct them in the methods to be employed when 
one wants to put highly technical information into simple and understandable 
language. The format of the book is good, the diagrams are clear, and there is a 
good index, and we are sure that the book will be most valuable to the author’s 
students. 


NOTICES 


THE BRITISH OXYGEN COMPANY LIMITED 
Identification of Medical Gas Cylinders 


THis notice is of first importance to all users of medical gases. 


For some years the British Standards Institution have had under considera- 
tion the dangers which arise through the wrong identification of gas cylinders. 
In 1946, the B.S.I. issued a “ Code of practice relating to medical gas cylinders 
and anzsthetic apparatus.” This code made recommendations concerning 
cylinders and apparatus, and as part of a short-term policy recognised the use 
of a system of non-interchangeable couplings. Such couplings have now been 
available for some years and have, in fact, been put into use by many hospitals. 


The long-term policy envisages all cylinders being fitted with valves so 
designed as to make it impossible for them to be wrongly connected to any 
apparatus, and it is hoped that such a system, with international agreement, will 
shortly be introduced. In the meantime, the question of identification of gas 
cylinders by the name or the symbol of the gas and the colour of the cylinder 
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has been the subject of International Standard Organisation discussions, and, 
as a result, this company and others, in consultation and agreement with the 
Ministry of Health, have started to make the necessary changes in the colour 
of medical gas cylinders. 

It will be appreciated that this is an undertaking requiring care and vigil- 
ance, and it will need the wholehearted co-operation of all users of medical gases. 
It must be recognised that during the change-over period, risks will exist in that 
for a time users will have in their possession cylinders of a different colour but 
containing a like gas. 

In order to simplify the operation as far as possible and minimise incon- 
venience and confusion, it is intended that the operation of re-painting the 
cylinders shall be carried out in three stages, thus :— 


Commencing on August 1, 1952, nitrous oxide cylinders, at present 
coloured black, will be painted French blue, to BSS. 166. 
As soon as this operation has been completed (probably in about three 
months) the company will notify the users of the next change, and so on. 


In consequence of the above, it is most important that users of nitrous 
oxide should, as soon as possible after August 1, 1952, ensure that every cylinder 
of this gas in their possession is changed to the correct colour. To this end, all 
full cylinders which are unlikely to be used in the near future should be returned 
to the suppliers for conversion. The contents of part-full cylinders should be 
used up and the cylinders returned at the earliest possible date, and if this cannot 
be done, the remaining gas should be sacrificed and the cylinder returned without 
undue delay. 

Full details of the revised colour identification system are available in the 
amended code of practice issued by the British Standards Institution, 28, Victoria 
Street, London, S.W.1, and all users of medical gases are strongly recommended 
to obtain a copy. 


Publishers’ Notices 


Tue British VETERINARY JOURNAL, with which is incorporated THe VETERINARY JouRNaL, is published 
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